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Introduction 
 

In rural power distribution networks, the cause of 
disturbances is typically weather related, like thunder, 
snow and ice, and trees fallen by snow, wind and storms 
[1]. In areas supplied by overhead lines, an auto-reclosure 
sequence is commonly used to clear temporary faults. In 
these areas, the share of permanent faults is typically less 
than 10% [1, 2]. In Finland, on average, about 70% of 
permanent faults in rural MV networks are caused by 
weather conditions such as thunder, snow, icing, storm, 
hard wind and fallen trees [1]. However, the cause of the 
majority of faults remains unknown when they are cleared 
automatically. Typically, no statistics of the causes of 
temporary faults is available in literature [3]. 

Generally, the most common fault type is the single-
phase earth fault [1]. However, during lightning storms, 
short-circuits may represent a considerably higher share of 
the experienced faults. Short-circuits are stressful and 
severe faults, causing, in addition to interruptions, sagged 
voltages [2]. On the other hand, if short-circuit occurs and 
fuse is operated, overvoltage transients are produced in the 
networks. Fuse is a current limiting device, which can chop 
the current if there is short-circuit. The capacitive-
inductive system may lead to high overvoltages. A 
common practice is to install surge arresters to reduce the 
effect of suck kind of overvoltage transients. In this paper, 
overvoltages are studied and the need of installing MOVs 
is investigated.  

The primary goal in surge arrester design is to 
provide the most reliable overvoltage protection for an 
electric power system network at the most reasonable cost 
[4]. By applying MOVs across the power circuit, it will 
divert a potentially high surge current from entering the 
main circuit and causing component failure. In normal 
operation, MOV has very high impedance and it can be 
considered as an open circuit. Whenever a transient fault 
occurs in the circuit, the MOV will respond extremely fast 

by short-circuiting to avoid large current flow through the 
device [5, 6, 9] MOV has high resistance at lower voltage 
(at power frequency) and transforms to low resistance at 
high voltage (at high frequency). Therefore, its behaviour 
is in the form of a highly nonlinear current-voltage 
characteristic. 

The main drawbacks of MOV arrestors are that they 
are relatively slow to respond to very steep surges, and 
sensitive devices such as transistors may fail because of 
this delay. Also the capacitance of device is high due to 
pressed zinc oxide disks [7]. MOV arresters have 
advantages over other types, which make them ideal in 
many situations. These advantages are: (i) relatively simple 
in construction, (ii) easy to manufacture, (iii) low cost, and 
(iv) ability to absorb large surge currents. For these 
reasons, almost all arresters in high power/high voltage 
electrical circuits are of this type. 
 
MV network description under investigation 
 

The single-line diagram of the distribution network 
under investigation is shown in Fig. 1 The network is a 
combination of overhead line and underground cable. A 
fuse is inserted at a point near the coupling of overhead 
line and cable to limit the higher currents flowing in the 
cable. If a three-phase short-circuit occurs in the cable end 
near the distribution transformer, the fuse inserted in the 
beginning of the cable lateral (branch) may blow, and 
switching transients and possible over voltages may appear 
on the cable.  

The fuse is current limiting device, so it is possible 
that the fuse blows at the current peak. After the 
interruption, the energy stored in the cable inductances will 
start to oscillate between the voltage in capacitance and 
current in the inductance, perhaps leading to very high 
over voltages. 

The mitigation is possibly made by moving the surge 
arresters in the beginning of the cable lateral to the load 
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side of the fuse. The effect of this moving is investigated in 
this report. It will be decided which of two surge arresters 
(among SA-1, SA-2, and SA-3 as shown in Fig. 1) will be 
installed to reduce the effect of switching transients and 
over voltages appeared in the cable.  The simulations have 
been carried out using electromagnetic transient program-
alternative transient program (EMTP-ATP) in the next 
section. 

 

Surge arrester
SA-1

Load

MV overhead line

3-phase, 20 kV,
distribution feeder

Power cable
lateral

Sub-laterals

Surge arrester
SA-2

Distribution transformer
20 kV/400 V

Surge arrester
SA-3

Current limiting
fuse

Three-phase
short circuit

 
Fig. 1. MV distribution network under investigation to investigate 
over voltages produced due to blowing fuse 
 
Modelling different scenarios under investigation 
 

In this project, the ATPDraw is used as a graphical 
interface to model the overvoltage protection schemes for 
the MV network shown in Fig. 1.The models for MV 
overhead line, fuse, MOV, and cables are drawn. The 
distribution transformer model is used for high frequency 
applications [8]. The following scenarios have been 
investigated during simulations as; (a) there is no surge 
arrester installed in the network as well as there are no sub-
laterals connected in the network, (b) there is no surge 
arrester installed in the network, however, sub-laterals are 
connected in the network, (c) one surge arrester on each 
side of the fuse (SA-1 and SA-2), i.e. at both ends of the 
fuse, are installed and sub-laterals are connected in the 
network, (d) ne surge arrester before the fuse and other 
near cable end (SA-1 and SA-3) are installed and sub-
laterals are connected in the network, and (e) one surge 
arrester after the fuse and other near cable end (SA-2 and 
SA-3) are installed and sub-laterals are connected in the 
network. 

The overvotlage protection is carried out using MOV. 
The non-linear voltage-current (V-I) characteristic of the 
MOV used for the simulations are drawn in Fig. 2. The 
simulation results for the aforementioned different 
scenarios (a, b, c, and d) have given extracted to analyse 
and design the possible protection schemes for mitigating 
overvoltage transients in MV networks, however, 
simulations results for scenarios (a) and (d) are only 

presented in this paper, and are given in  following sub-
sections. 
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Fig. 2. V-I characteristic curve for 20 kV MOV arrester (8/20 μs) 
[V: residual voltage and I: discharge current] 
 
Simulation results for different scenarios 
 

The ATP model for scenario (a) is drawn in Fig. 3. 
The length of the cable is 6 km, and no overvoltage 
protection is provided in the cable network. The 
overvoltages at junction of overhead line and cable are 
shown in Fig.  4, while the overvoltages at far end of cable 
near short-circuit point are shown in Fig. 5. 
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Fig. 3. ATP model of the MV network shown in Fig. 1 or 
scenario (a) 
 

The ATP model for scenario (d) is drawn in Fig. 6. 
The length of the cable is 6 km, and overvotlage protection 
is provided in the cable network with two surge arresters 
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SA-1 and SA-3. Two cable sub-laterals each having length 
1 km, are connected in the network. 
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b) 

Fig. 4. Overvoltages at junction of overhead line and cable for 
scenario (a); the bottom figure is magnified version of top one 
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b) 

Fig. 5. Overvoltages at far end of cable near short-circuit point 
for scenario (a); the bottom figure is magnified version of top one 
 

The overvoltages observed at junction the of 
overhead line and cable are shown in Fig. 7, the 

overvoltages observed at 2 km away from surge arresters 
(almost same magnitude oevervoltages are observed at 
4 km) are shown in Fig. 8, and the overvotlages at the far 
end of cable near short-circuit point are shown in Fig. 9. 
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Fig. 6. ATP model of the MV network shown in Fig. 1 for 
scenario (d) 
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Fig. 7. Overvoltages at junction of overhead line and cable for 
scenario (d) 
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Fig. 8. Overvoltages at 2 km (almost same at 4 km) away from 
surge arrester (near fuse) for scenario (d) 
 

If one surge arrester is installed on each side of the 
fuse, the overvotlages observed at the junction of overhead 
line an cable can be mitigated, however, overvoltages 
increases as we are going away at a point on the cable from 
the fuse (towards far end of the cable).  

If one surge arrester is installed before the fuse, and 
the other is installed at the far end of the cable, the 

A B C phases 

A B C phases 
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overvotlages observed at the junction of overhead line an 
cable can be mitigated as well as the overvoltages 
magnitude is not very high as we are going away at a point 
on the cable from the fuse (near the cable end). 

 

                    
0.00 0.05 0.10 0.15 0.20 0.25 0.30[s]

-40

-30

-20

-10

0

10

20

30

40
[kV]

 
a) 

                    
0.195 0.205 0.215 0.225 0.235 0.245[s]

-40

-30

-20

-10

0

10

20

30

40
[kV]

 
b) 

Fig. 9. Overvoltages at far end of cable near short-circuit point 
for scenario (d); the bottom figure is magnified version of top one 
 

If one surge arrester is installed after the fuse, and the 
other is installed at the far end of the cable (near short-
circuit), the overvotlages observed at the junction of 
overhead line an cable are bit higher as compared to 
previous scenario (d), however the overvoltages magnitude 
is not very high as we are going away at a point on the 
cable from the fuse (near the cable end). 
 
Conclusions 
 
Transient overvoltages are investigated and mitigated 
when a three-phase short-circuit occurs in cable lateral 
connected with MV overhead line and fuse is operated. 
The effect of sub-laterals is positive in this sense that 
overvoltages magnitude decreases with their presence. 
Keeping in view above results, it is concluded that the 

optimal solution to reduce overvotlages due to short-
circuits in cable is to install two surge arresters, one before 
the fuse near the junction of overhead line and power cable 
(i.e. SA-1) and other at the far end of the cable near the 
short-circuit point (i.e. SA-3). The investigations carried-
out in this regard will be practically useful to design a 
protection scheme to mitigate the effect of transient 
overvotlages casued by short circuits and followed by the 
fuse operation in MV cable laterals connected with 
overhead lines.  
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